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Abstract

Objective: To explore the potential mechanism of traditional Chinese medicine regulating ferroptosis in the treatment of nonalcoholic
fatty liver disease. Methods: NAFLD-related genes were obtained from GenCards and DisGeNET databases, and ferroptosis-related
genes were obtained from FerrDb database. The protein phase relationship was obtained by STRING, and the PPI network was
constructed by Cytoscape3.10.1 to screen the core Chinese medicine and carry out subsequent data mining, network pharmacology
and molecular docking verification. Results: A total of 1592 NAFLD genes and 242 ferroptosis genes were screened, and 24 common
targets were obtained by intersecting with the effective components of 362 core Chinese medicines. Six core genes were obtained
by PPI analysis. KEGG analysis obtained 111 signaling pathways. Molecular docking verification showed that 83.33 % of the
binding energy was less than-5.0 kal / mol, indicating that the core Chinese medicine was stable in docking with the core gene target.
Conclusion: This study preliminarily analyzed the multi-component, multi-target and multi-pathway characteristics of traditional
Chinese medicine in regulating ferroptosis against NAFLD, and provided a theoretical basis for the clinical diagnosis and treatment
of NAFLD and its mechanism exploration.
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EFR AL T2 5 NAFLD WA AER TR, HIEIsETET 2K
7E NAFLD MR &R EEEENIEN, RIRTRERAAT
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AP EHRISHR N2 5 57, Mgy
TRy VEREE SIS SE S B R 25 B ghaE T ie
I AR B R B AR E R LELA T R i 5T, DU
AR 257577 NAFLD K HARHL I 7T s S At
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2.1 NAFLD 5#kFE T8 X B B i i%

F72023 £ 10 A 29 H M FerrDb ( http://www.zhounan.
org/ferrdb/legacy/index.html ) ™ F{ 2 2 vh 7R 2 gk FE T AH 2
FEH, Hi@hE: REgE T R (diver) . IR T
('suppressor ) MARGHT- (marker ) , 5 ARECGEF T4,
EErEET, RESUIET L EMXIEER, M GenCards
B 48 2 (https:www.genecards.org/ ) ™, DisGeNET %% 12 =
( https://www.disgenet.org/ ) . 4 Hiififz A4 DisGeNET (v7.0)®
B 1134942 D ELA—H KHE (GDAs) , 21672 AL
H130170 FEEsm, 43 BILER S E3E E H 2L “Non-alcoholic
Fatty Liver Disease” A1, K155 NAFLD A X 1IEHH
Fe[H, K LR AH S EE 255 A Uniprot #3E & (https:/www.
uniprot.org/ ) " BEATFRUE(L RS, KI5 A B LA F 0 FE
Rl AEANRECR bk, MR AE L% &l 5 B E Rk (http://
bioinformatics.psb.ugent.be/webtools/Venn/ ) " 3451948
FRLSEFMER S G T, 2455 NAFLD 58P0 %
HEAREIEEIA, BI NAFLD #5812k A,

2.2 NAFLD $k3E Tk B E FH ik
5 NAFLD £kFE L ALK S A STRING e (v 12.0)
( https://cn.string-db.org/ ) " JF 17 & (15 & (1 & 1
( Protein-Protein Interaction Networks, PPI) 4>#f, ¥ ikE4S
> 04 EER, LRI T A, 5 A Cytoscape 3.10.1 %
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haeilk 2, kRt Degree {8 > 60 RIHE T 6 FIFEA,
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2.3 £t3t NAFLD $kE - A/ EERTIERMPE
¥R e g B[] By A Coremine Medical ( https:/
coremine.com/medical/#search ) £{#E/%E, DL “P < 0.05” %
PRAEFIMNIGT NAFLD £63F 1= B A B EIR T TE 264 1Y,
PTEREE Sk e, 1SEIHER R 3 R 2h,
2.4 MKZGIBRF 557 F R4
2.4.1 MR BB Th L AAE F Yo 8 TR
1#1:L TCMSP ( Traditional Chinese Medicine Systems Pharm-

acology Database and Analysis Plat form, TCMSP ) ( https://
old.temsp-e.com/temsp.php ) %5 4 72 U i i “1.3 Ti” R
BRERFR AR AT 3 B 250 p oy M A E R A, 1B
UniProt £ ZEX SRAF AR SR i T R bndE b, R
VLOOKUP BRECRHE SR S S 251 R o it A TR TP
FIF Cytoscape3.10.1 Fff:, Faidzgy—if ik pl s> — S g
%S, T8 Degree {H, it Degree fEHAEZLHT 5 (7L
SHER FEER Y
2.42 Y4k AR B 97 NAFLD X4E¥e 5 ik

¥ ER1FHH NAFLD, $RFET-EL N 50 R 25 A 5L
BAy RS BRSNS B, RAS 24 IR EE A, )
FAE 22 ) 35 B E W 35 (http://bioinformatics.psb.ugent.be/
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2.4.3 X4tye b PPl M %

K255 NAFLD RFET B2 ) S SR PRI
FA STRING £V &, SIREDRZE S E0EER 04, ¥
R EHES A Cytoscape3.10.1 #if:, & HIZ58—T47 4
MO SCHEEE S PPL &, I E TSR/ N EifE, HRAE Degree
BRI T OB IR, Degree (EREAS R AR ORI,
T BHEERIEE 2S7F PPL 45 AT B E 2
2.4.4 KEGG B4 #7

R FE 255 NAFLD €50 T 50 AR 58 1Y o< $H AL DR
A 1% % DAVID A W{5 A2 44E EE (https:/david.nciferf.
gov/) "L E R4S KEGG (| KEGG Pathway ) iHESE
BT, BN “P<005" , FkhEATEENE
LR, RHEART 30 M S AMAEF 54 H KEGG &
S,
2.4.5 sy kMR RS T A

EESAZ UM SRR N O 25 PR 53, M PubChem %5
iz U tp R IR1S H SDF 454y, FH Openbabel 2.4.1 £k
PR 2 mol2 4% . 45 #; 75 RCSB PDB %44} 4 ( htps:/
www.resb.org/ ) T8 2 48 Uniprot $U3 FE 45 £ i 52000 B
X N B & &4 FR, DL “Homo Sapiens” . iy A Aic f4& H.

“REFINEMENT RESOLUTION” < 3.0 [{Uf5¢E N2 PDB

AR, A PyMOL 2.2.0 1, B4 OFEIR & R 7K
TRV TR, AR HES A AutoDockTools1.5.6 (hitp:/
autodock. scripps. edu/resources/tools ) 4% “Grid Box” , f#
E4 PDBQT #3304 . 1547 Autodock Vina( 1.1.2 lgA<)
BT THE, TSR E RN AR S . N
PyMOL #H{ 7RI 2b 3

3HER

3.1 NAFLD 5% T4 4 FXxNEE

1 FerrDb £{E 22 L1551 242 MNEESETAHCRLIA, K
GenCards £idEZE S DisGeNET (v7.0) 1% 51538 A9ZLRC
IR EEL, SRR 1592
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A, FIRELAR I B AR S B S S b A 5 &

A, EASFE|NAFLD 5830 T L AR OEEE 114 4>, T
10
Ferroptosi
NAFLD
& 1 NAFLD 58 E -4 £ HHXBIEE veen
3.2 NAFLD $kIE TR EBEE 47

HF 114 /> NAFLD £k5E T 26K 5 A STRING #4422 3F
TEOSECMHEER (PPL) 43#7, FIA Cytoscape 3.10.1
BEEE TR, 1555 Degree 8> 60 HAHEZTI 6 HIEEA,
RI% NAFLD k5B T AL R () SR R, 433518 R &
F4 P53 (TP53, Degree 79) . F4HHE/1-3% 6 (IL6 ,
71) | IRAFEZET -1A (HIF1A, Degree 71) . LR

(JUN, Degree 67) . Té:'%@%ﬂ%i'ﬁﬁ%% 3 ( STAT3,
Degree 66 ) . H&EH (ALB, Degree 61) , WK 2,

Degree

2 NAFLD 54Tk £ HXHER

3.3 §t%f NAFLD #kE - EF/EBERITIEANTE

RS EL B A Coremine Medical #1484, @it
FIREE , RIHIEHEART 3 P25 B2 M = (6 1) |
AZ (61 . BIX (5K) . =1 (4%) | &S (4K)
Hep, 25 A%, ZHS5HSHIORERER, H—kan
UNEEEGES
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3.4 MBHBZER HF e
3.4.1 24 A RO T ik BAF A de B TR

i#id TCMSP #dEEETR e 12, A&, i, =t i
SRR S EE ARG, S bR 2GR &

CIAR AR RS (oral bioavailability, OB) = 30%. #24
P (drug like, DL) = 0. 18 % Lipinsk =50l " #4751k ;
RAGE 275 N2piEER Sy, FSEIVERIRES 362 4>, H
AS EE . WK, I L NEEES A5
A 4 EEEGY, 5EEIE 6 MRy, S5

A 5 ANEMERSY, SREECHE 1 ANE RS ISR SS

G 2 MEMERSY, S=H4E 1 NEERsy; = EAnES
A 12 MEVERSY, K Degree (E> 4 B925#) . TEVER Y
KA S Cytoscape3.10.1 3R, WEZGH—IE R —
FHHRL L% . 115 Degree {H, it Degree [EHEATT 6 (1Y
TEPER S EA R BERSy, TUA 3.

3 Y —EMER D —X I A MLEE ( Degree E> 4 )
Degree {EHEL T 5 HOIEERR S 6 Fh, Horho S5 (

/\(«

stigmasterol ) 5 B- % ( beta-sitosterol ) ) Degree {EAH[A,
H—RAAA; FEHRCHA S B8 . AS5RIILER
HIZE/) (kaempferol, Degree {H 94) . AZ. = HRIEEL
A EE ( stlgmasterol Degree 5 78) . A&, :‘h%[]
EEILHH B- B FEF ( beta-sitosterol, Degree & 78 ) .
X2 F (apigenin, Degree fE 60) | EI‘KE’\ijLﬁﬁ
(daidzein ) (Degree (& 57) MFIEHIRERE (luteolin,
Degree {8 46 ) ; HHENIX 6 Mg ER RIS NS HEIK,
=t S S R ZGm T RSB T ERIAST NAFLD 193
SHEMERSY
3.4.2 RZAPFTERILTIEMAIETT NAFLD X =
4 1592 /> NAFLD E:[H . 242 kBT H B 5H0.25
B R EIGEEIN 362 NS IS, HRE 24
L[AHE S, R AL HF BIE RS (http://bioinformatics.

psb.ugent.be/webtools/Venn/ ) 225, & 4,
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Ferroptosis

4 Z5ER s 5 NAFLD $ZET-HE 5 A veen

3.4.3 k4k¥e & PPl W%

BAZ, P12, =1, EENESS NAFLD ¢300
PARAZHY 24 DB NS S A STRING E&F6, H15
FIFEHELLS A Cytoscape3.10.1 #if:, 21 25%7—NAFLD
SCHERE SN PPL AL, 5 24 19T 169 45120 Degree {H
fRTT R OB R, WA S, RALEBREAS. &,
=t EEKNESETIETISIE T ERATT NAFLD fUf%0
LR S A FERE S 9 P53 (TPS3) . E4mla/ & 6 (IL6)
B AR 724K (EGFR) | RFEIFFH T -1A (HIFIA) |
MAPKS FH 2 5 & 111 (MAPKS) . Bl 51 B & G/H 4 i 2

(PTGS2) .

B 5 FZGE AT SIE TIERAIAST NAFLD E7E5E PP W4k

3.4.4 KEGG BEED

BAZ, P12 =48, HENESS NAFLD #6T
PERRAHRZ I 24 A~ BEEL RS {4 2 DAVID A5 BT
LHUREVETT KEGG B EHE 01T, K15 111 7 KEGG 1@
B IR (P <0.05) , #E SRR AT EEHT 30
S5 EIER, WE 6. HAERM NIFEBRN (Pathways
in cancer) . HIF-1 {5, HIMKEIESH T 15518
% (HIF-1 signaling pathway ) . & % [ VI8 AH ¢ 48 2 0%
BB Y {5 5 i@ B (Kaposi sarcoma-associated herpesvirus
infection ) &5,

Pathways in cancer

Kaposi sarcoma-associated herpesvirus infection 5
Human cytomegalovirus infection

HIF-1 signaling pathway 4

Hepatitis B 4

Tuberculosis -

Proteoglycans in cancer -

Lipid and atherosclerosis

Fluid shear stress and atherosclerosis 5

Endocrine resistance 4

Chemical carcinogenesis — reactive oxygen species 5
Chagas disease -

Toxoplasmosis

Th17 cell differentiation 4

Pertussis -

PD-L1 expression and PD-1 checkpoint pathway in cancer -
Pancreatic cancer 4

Leishmaniasis

IL~17 signaling pathway

Hepatocellular carcinoma -

Hepatitis C 4

Epstein—Barr virus infection

Cellular senescence 4

Toll-like receptor signaling pathway 4

TNF signaling pathway <

Small cell lung cancer -

Prostate cancer

C-type lectin receptor signaling pathway -
Amoebiasis -

Bladder cancer 4
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B 6 KEGG =SBk =5%EE

345 B ER RS L XA R RS S T

T 2 YIE M R oy M O R IR S B e,
22 BT 1L ZER) (kaempferol ) . &S ( stigmasterol ) |
B- A B5EE (beta-sitosterol ) . f7 3% 2 (apigenin) . K5 &t
% (daidzein ) M REEEZE (luteolin) 6 Mg EVER S5 6
AU REE SOE 7oy F 42, Horf EGFR ARICHLENS Rz 45
), Hde R 6 FpEER - S H A 5 MO S T
454 BE/N T -5.0kal/mol B4 A iE M R IT, R4S & fk

HolN, MRS T e e . PSR TER, b
W 6 FRZGpiEER > 3 BI4S 5 M OSSO B S S RESS A
FUE, FRHERIEE R 83.33% HI45 & BE< -5.0kal/mol,,
RO 20 SO SRR . TEILER | (S5GRERE
E/NBUS SR, SEABERAL keal/mol ) o (RIESE A RERE .
RO 5 SRy SCRRRIE RO, e 5 093 F 2 )
ESGH TR RR, LA 7.
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TP53 IL6 HIF1A MAPKS PTGS2
L1125 ( kaempferol ) 5.7 6.3 6.8 6.3 5.9
& (stigmasterol ) 5.8 -6.9 7.2 6.8 -8.4

B- A& ( beta-sitosterol ) -6.6 -4.6 3.2 8.0 7.8

Frifi# (apigenin) 7.0 2.1 5.9 6.8 9.0
KEHEFE (daidzein) -8.0 2.8 5.7 6.4 7.1
AREEFZE (luteolin ) 7.1 32 -6.6 6.2 9.7

C.MAPKS8-luteolin ( REEBIZ)

D.PTGS2-kaempferol ( |12/ )

E.PTGS2-luteolin ( AREEEIZ )

B 7 BB R 5 XREM S 2 TR ERE R E

43

NAFLD & — i LI & A AR PR O 22 G s, o
TP BT 9t 22 7TF, NAFLD (B F e a imE . fE
5. MRS AR SELS B F 2012 ST
HA—Fhgk et AEFE T s Lk, SRIET RN
RN FRIORAE B, TR, A, SIET s
fFEfERRRS S 2, HAIGIE T HERE R TER S
FrRE P, g5 TR A AL R, —BifR
T, V2200 T IR Rl A e e A,
HOR R 2GR, MORMAZ RS B SRR A0
ZORHEL, FREGRHE RS ZimElERNUEIS IR, 7
JGIT NAFLD a2 BlHok i e E B Wik, S
NAFLD EAEAEIERNH 268G R TR Bs s A EL
SHUA, MIfIHME NAFLD BEES.

AFRFREDE BT, KIS A S EEK.
=t ESLEAIEN NAFLD REEVERNLEIT, AlaES5ek
PET-H; NAFLD %4, FES %" “4 “8” “m
ST ST A K, R EOR SRR T P,
P& =i, NS, EEKRENEZ, 5
TR, SR 2G5 & NAFLD R BEIAT s e . A2,
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BRI A 1258 (kaempferol ) f&—FhR AR H 2
&Y, 1WEEREA B BEERE IR, "liES
PUEMR RSO FrE I, WmEGEEt T, £/ NRiEE
HT22 MR35 FROAEIEZET . PFET i, RIL
LI ZSEA REUS I INZmAR A Ca® JREE . HIIIZRAR N4 ROS,
%S ARE Jf 3% Nrf2-ARE 8%, KRS 1 R E
e A2, =1, S AN SRR ARSI /S,
RERSIE(K DNA 65, (155 SR R PSE G T 218 T
TRIER B7, Yan™ S5 50 4 B, ELEEE ( stigmasterol )
EEMIN TR E S A S EERE (HFHC) e/ N
i o RE [ i B FLEE (P << 0.01) , #1111 T NLRP3 %8 5iE /)
RFIE AN -18 (P < 0.05) FZEREIER, MifiLE
S/NERIFIRRERIPER s AZ . = HRES a1 p- 4
fi# (beta-sitosterol ) & — Fh E§fZ 53 -, 2 — AR AT
UL, IBITAhTE B- A B AT RER 1, 2- THIR
(DMH) 1S KR BT s P S50
# (apigenin) (5, 7, 4’ - —HEHEM) 2—FE%0H
b E Y, FILUATT SRULRIEHE S Ftg s B 3%
KRG HEE (daidzein) BAPLRABTEI EYITEY:,
Western blot 5372,  #& H Jo i HIHl 2 A AR i
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KEGE LPS B SRR e . RERERZASHEE
Ry z—, R, WAL, REERAEBIIHYIErIE
A, RS M @ sy, KIARBEREREREIRES
MR 5 NS AST . ALT FO3EYE, R O FR e

M5, BEEREEEL, RSt EE, M PUS ik
BN AR B A R ER

ANZ| P12 =6, BELESATHEEP 5 RO
thehy, Himd BesEToiAIT NAFLD, N REiE, 7
JEIHGE —HERNESET N, AEmEhE. B

R e R, Hoh, JERE. BERGIURRSE R ERE
RN XS B IR IR - P53 (TPS3) (E1F 215
SURETIE S B RE S X EENER, DERAE
MR AT A0S, BT IWFEREH, TPS3 5 NAFLD %
J&E >, TP53 RERS B A T91E F Mifn 4 #2253 NAFLD 978
TP Y, XSzt B i SIS R T & DR E AR S R 4 it
i IL-6/STAT3 {55155 M2 BEFEui L, I FiEE
MR PD-L1 I 3RiK, it IS BT A &
Ko AWML 5 BRAZ O R 24 R REA7 A 18 1 R T i 18
%, IL6/STAT3, 1%t NAFLD BEFGITIEM; AW
FEAE MRS 5 NAFLD (5CHE, mJLLAMI G NAFLD ARG
FAIERIEHIRNG . Rtz g, 5 vR2Gmd T sET
JGFT NAFLD i85 HIF-1 {55 H >, HIF SRR T
Yes fHZEH (YAP) ZRERHIBVATA T, —F@iETs
FFIs TR SBR[ RAER TR, 5 NAFLD &
2% P, feiid ARSI A AR —,
NAFLD 5#FET- 1k SHalRE = ELE %, BRitzsh,
NAFLD 5%FE T RN B FAUR AT RIE R, X Jif
] SFECHIEANIEIS, &5 R TheERENS; At A,

5 BRAZ O 25 355 5 S BESL IR STAT3 MR E L5 MY
PARE, 1f HIF-1 {2 51818 5 STAT3 S46 50N T EE A,
DeHAHR 24 ] BEIBRI 8128 HIF-1 5 STAT3, Mzl 20 KR
G N EE YR A, WERSET I R eI
Bt, # HIF-1 1 STAT3 7E#3E 1 AHE/E R R0 TR 2
BT, dE—E HIF1 A STAT3 f95r-T-HLE] 15
STEF AL SEIATETT RIS, X0 TR ATE RN
AV TREENLE] . NAFLD 1A 424 RE DL, NAFLD #1a
ITORRSIORSY, K EA EEE RIS E

5 &t

AW RDERIET AL S, FIREGEZH . 4258
L TR AR R A B TSR T, MRS
NAFLD IS ILEI R 2 RS 2
—o. WK SA S R OHZ, Ekf/afVEﬁﬁTAbH
PIET A i HSTIN N KEGG i & &4,
RAZ O AR 24511 FE R R 91 L2580 ( kaempferol ) E‘Ja(a(
B- 7 H i CFEE

i ( stigmasterol ) . ( beta-sitosterol )

(apigenin) . K52 Z (daidzein ) M AKEETEZE (luteolin ) ,
TP53. IL6. EGFR, HIFIA, MAPKS, PTGS2 5 6 /™% /[
SRS, e PR ataEtE, "IATA
HBE A S0 2590147T NAFLD SRS 2%, (HAFR A
SR ZG IS B L E NAFLD J55T FR BT EN L T 17
WIPRZ, TR — P I S IR PRI SR g1 X B it
SRS et M TEE RS, DIINER R 2GR
ERIETAE VAT ARSI RE M PR 7 FH AT B e
DA IATT NAFLD #2068 BRI
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